A 46-year-old male with juvenile myoclonic epilepsy was admitted to the neurological department for convulsive seizures just after lamotrigine was discontinued. On admission he was awake but had a right-sided hemiparesis with Babinski sign and ataxic finger-nose test on the left side. An MR scan showed a left-sided pontine infarction, an infarct in the left cerebellar hemisphere and a right vertebral artery dissection (VAD). The patient was treated with heparin and an oral anticoagulant for 6 months. Recovery of neurologic function was excellent. In patients with symptoms of disturbances of posterior circulation after epileptic seizures, VAD should be considered.
Introduction
The refinement of noninvasive neurovascular imaging has established that carotid arterial dissection and vertebral arterial dissection (VAD) are actually the most common causes of stroke in young patients (<50 years), accounting for 20-30% of all ischemic strokes in this age group [1] . The annual incidence of spontaneous VAD is 1-1.5 per 100,000 [2] . Usually, a history of minor blunt trauma or activity associated with rotation or hyperextension of the neck, such as aerobics, yoga, painting of the ceiling and chiropractic manipulations can cause VAD, and it is generally labeled as spontaneous dissection. Traumatic dissection occurs in approximately 1% of all patients with blunt injury mechanisms and is frequently unrecognized [2] . Distraction/extension, distraction/flexion and lateral flexion injuries as well as fractures extending into the transverse foramen or facet joint dislocations are closely associated with vertebral artery injuries [3] . The first documented case of VAD in association with a tonicclonic seizure was published in 1991 [4] . One further case associated with status epilepticus was published in Spanish [5] .
VAD secondary to generalized convulsive seizures is not mentioned in the major reviews of cervical arterial dissection [1, 2, [6] [7] [8] . This indicates that the condition is rare and may often go unrecognized due to an asymptomatic course of VAD in many patients with unilateral damage [3] . The muscular forces involved in the tonic-clonic phase of convulsive seizures are demonstrated by the occurrence of bone fractures in the spinal column and proximal skeleton [9] . Various fractures have been noted as resulting from convulsive seizures, including fractures of the vertebrae, pelvis, femoral neck and shoulder [9] [10] [11] [12] [13] [14] . Most vertebral fractures are compression fractures, but burst fractures with neurological complications can occur [15] . Quadriplegia can result from fracture with dislocation of the cervical column [16] . The fact that muscular forces during a convulsive seizure can cause diverse bone fractures makes it more likely that it can also cause VAD.
Here, we present a case of VAD in connection with a generalized convulsive seizure. The VAD caused embolic complications: pontine and cerebellar infarctions.
Case Report
An otherwise healthy 46-year-old male engineer, with juvenile myoclonic epilepsy, was admitted to our department following convulsive seizures 1 month after discontinuation of lamotrigine. He was diagnosed with juvenile myoclonic epilepsy at the age of 39 after having 3 generalized convulsive seizures over 3 months. An EEG and brain CT were both normal. He was started on valproic acid 900 mg and was shifted to lamotrigine 200 mg daily 3 years later. After a 5-year period without seizures, lamotrigine was slowly tapered off and the patient completely stopped the intake 1 month before the present admission. He was admitted to hospital with a right-sided hemiparesis with Babinski sign, a right-sided central facial palsy and an ataxic finger-nose test on the left side, which developed following a generalized convulsive seizure 1 day prior to admission. He had no neurological or other complaints up to the seizure. Brain CT was normal, but an MRI scan showed an infarct in the left cerebellar hemisphere ( fig. 1a) and a left-sided pontine infarction ( fig. 1b) . Subsequent MR angiography showed a right VAD (fig. 2a) .
In addition, the blood samples for kidney and liver function, haemoglobin and coagulation factors were all in the normal range of reference. However, there was a high leucocyte count with an overabundance of neutrophils. Moreover, the patient's blood pressure at the time of admission was normal (127/87 mm Hg), and he was afebrile. The patient was started on heparin and the oral anticoagulant warfarin, which he continued for 6 months (from January 10 until June 21). The treatment with lamotrigine was also resumed. Recovery of neurologic function was excellent, and he was discharged after 14 days. A control MR angiography 6 months later showed a normal vertebral artery ( fig. 2b) . The patient still continued treatment with aspirin and dipyridamole.
Discussion
The anatomy of the vertebral arteries (ascendance parallel to the spine through the transverse foramina of the C1-C6) makes them vulnerable to stretching and compression of the spine, especially at the C1/C2 levels, where arteries are relatively fixed and where a big part of head rotation occurs.
The vertebral arteries wind around the C1 vertebra, so they would be expected to be more susceptible to dissection most likely caused by hyperextension than the carotid artery, which lies more loosely and plainly in the soft tissue of the neck [1] . A generalized tonicclonic seizure involves tremendous muscle contraction and rigidity and clonic movements of the whole body. In particular, the neck region is vulnerable, where hyperextension, rotation, flexion and distraction movements can occur, which are known to cause VAD [17, 18] . Trauma due to falls can also cause neck trauma, which in turn can cause damage to the vertebral arteries.
Our patient, who had a history of juvenile myoclonic epilepsy and had been seizure free for 5 years, had just recently stopped taking medication. He was admitted to the hospital with generalized clonic seizures and afterwards had a right-sided hemiparesis. The differential diagnosis was Todd's paresis, but the patient had never experienced postictal paresis before. Despite a normal CT scan on admission, we suspected that he had had a minor cortical stroke in the left cerebral hemisphere, which had resulted in a generalized seizure. An MRI was performed 6 days after admission and showed pontine and cerebellar infarctions and right VAD. The differential diagnosis of pontine infarct with quadriplegia is a cervical fracture resulting from hyperextension associated with a fall during an epileptic seizure [16] .
Among epileptic patients who have had at least 1 seizure during the previous year, 24% incurred at least 1 head injury and 6% suffered some other fractures [19] . Apart from these common injuries associated with epilepsy, rarer complications may occur. Compression fractures and more rarely burst fractures of the vertebrae [15] and fractures of proximal bones of the skeleton are associated with convulsive seizures [16] .
In conclusion, epileptic patients who normally do not have Todd's paresis after a generalized convulsive seizure or patients suspected of Todd's paresis but with a duration of >24 h should be investigated with neuroimaging for stroke. Stroke-induced generalized convulsive seizure can be the first symptom of a stroke [20] . This is often seen (39%) in connection with cerebral venous and dural sinus thrombosis or cortical venous infarction [21] . In patients with symptoms of disturbances of posterior circulation after generalized tonic-clonic seizures, VAD has to be taken into consideration. Neurological symptoms can initially be occult and may occur some hours or days later. It is important to diagnose VAD and to treat it in time to avoid further progression and thromboembolic complications. Thromboembolisms are most often a cause of progressive ischemic cerebral symptoms in younger patients and can, in some cases, cause a fatal outcome (in cases of unrecognized thrombosis of the basilar artery). b Normal MR angiography 6 months later.
